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(54) HIGH INTENSITY DISCHARGE LAMP LIGHTING DEVICE 

(57)Abstract: 

PURPOSE: To simplify circuit constitution, and improve 
economy by detecting a lamp current, and controlling a 
power switch element of a voltage resonance type 
inverter through a voltage resonance type switching ], 



On/off frequency of a power switch element FETQ1 of a 
voltage resonance type inverter is controlled through a 
VCO, a pulse frequency modulator PFM, etc., to set the 
frequency lower as the lamp current is lower, a primary 

current at a boosting transformer T1 is increased compared with that at the time of stationary 
action where a discharge current is sent through the lamp L, and the lamp L1 starts glow 
discharge. By this constitution without requiring a DC-DC converter, a high brightness 
discharge lamp lighting device of simple circuit constitution and improved economy can be 
provided. 



etc., to be supplied to an operational amplifier OPA of a 
resonance type switching power control circuit IC1. 



CONSTITUTION: A lamp current of a metal halide lamp 
L is detected as a voltage through a resistance current 
detecting resistor RD, a diode D12, a capacitor C11, 



power control circuit. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the high-intensity-discharge LGT lighting device possessing the voltage resonance mold 
inverter equipment which has a metal halide lamp for a load The power supply section which supplies 
DC power supply to this inverter, and the power switching device which carries out the intermission of 
the DC power supply supplied to this inverter, and makes high-frequency voltage impress to a metal 
halide lamp, The high-intensity-discharge LGT lighting device characterized by providing a detection 
means to detect the lamp current of this metal halide lamp, and an oscillation frequency control means of 
an inverter to, set up intermittent spacing of said power switching device the more for a long time the 
more the current which said detection means detected is small. 

[Claim 2] The above-mentioned power supply section is a high-intensity-discharge LGT lighting device 
according to claim 1 characterized by being the rectifier circuit which carries out pressure-up 
rectification of the input AC power supply. 

[Claim 3] The above-mentioned power supply section is a high-intensity-discharge LGT lighting device 
according to claim 1 characterized by being a direct-current dc-battery. 

[Claim 4] The above-mentioned power switching device is a high-intensity-discharge LGT lighting 
device according to claim 1 characterized by consisting of one semi-conductor functional device. 
[Claim 5] A detection means to detect the lamp current of the above-mentioned metal halide lamp is a 
high-intensity-discharge LGT lighting device according to claim 1 characterized by being a detection 
means to take up the flowing current with a transformer. 

[Claim 6] A detection means to detect the lamp current of the above-mentioned metal halide lamp is a 
high-intensity-discharge LGT lighting device according to claim 1 characterized by being a detection 
means to take up the flowing current by the resistor. 

[Claim 7] The high-intensity-discharge LGT lighting device according to claim 1 characterized by 
preparing the time constant circuit which anneals the lamp current signal which a detection means to 
detect the lamp current of this metal halide lamp to a power up detects between the detection means and 
the oscillation frequency control means of an inverter of detecting the lamp current of this metal halide 
lamp. 



[Translation done.] 
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JPO and NCIPI are not responsible for any 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the high-intensity-discharge LGT lighting device which 
makes the metal halide lamp of the short arc type especially used for a liquid crystal video projector, an 
over head projector, general lighting, etc. turn on about the high-intensity-discharge LGT lighting device 
which makes the electric-discharge lamp of high brightness turn on. 
[0002] 

[Description of the Prior Art] In a liquid crystal projector, since it is necessary to collect the light from 
the light source efficiently, and to irradiate to a liquid crystal panel as a high quality parallel light, the 
so-called short arc type of metal halide lamp is used on the need of making the dimension of an arc tube 
as small as possible. Since inter-electrode distance is short and a short arc type metal halide lamp cannot 
take starting auxiliary means, such as an internal interpole, in case it makes a lamp put into operation 
and restart, it needs a high-pressure starting pulse compared with the usual metal halide lamp (Following 
HID is called). 

[0003] Drawing 7 shows the circuit diagram of the switching power supply mold currently used as an 
object for HID lamps. In drawing. 7 , the commercial alternating current power source AC is impressed 
to the direct-current and pressure-lowering chopper circuit CHC whose output of the pressure-up-ize and 
contains a transformer 1, diode D5, and a capacitor C3 in the voltage doubler rectifier circuit DRC 
containing diodes D1-D4 and capacitors CI and C2. The inverter INV of a full bridge method is 
connected to the pressure-lowering chopper circuit CHC as the load. In addition, TR1-TR4 are switching 
transistors which constitute Inverter INV. Series connection of Inverter I, the secondary coil of a 
transformer 2, and the HID lamp L is carried out. 

[0004] If a power source is impressed to the whole circuit shown in drawing 7 in order to make this HID 
lamp L turn on, the timer circuit TM will operate and a 1 00Hz starting pulse trigger signal will be 
outputted to starting pulse generating circuit PG. Starting pulse generating circuit PG outputs a starting 
pulse for about 5 seconds, and the pressure up of this starting pulse is carried out to three to 5 kV by the 
transformer 2. Furthermore, the timer circuit TM outputs an inverter actuation start signal to an 
oscillator circuit OSC, an oscillator circuit OSC operates by this, and this output operates the drive 
circuit DCC and operates Inverter INV after all. 

[0005] If Inverter INV operates, HID lamp L shifts to arc discharge from glow discharge, and will be in 
a lighting condition. In order to carry out constant current control of the current which flows HID lamp 
L The lamp current detection resistance Rl detects, the current, i.e., the lamp current, of Inverter INV. 
So that this may be stopped, if this tends to be inputted into a control circuit CONT and a lamp current 
tends to increase from this control circuit CONT to a primary the transformer 1 which is the control- 
input edge of the pressure-lowering chopper circuit CHC side Moreover, when a lamp current tends to 
decrease, a signal to which this is made to increase is added, and it is carried out by carrying out 
constant current control of the inverter INV. That is, if a lamp current increases by a certain cause, the 
electrical potential difference of the both ends of lamp current detection resistance will increase. 
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Therefore, the output voltage of a chopper declines and constant current actuation is maintained by 

PWM actuation of a chopper circuit. 

[0006] 

[Problem(s) to be Solved by the Invention] It is known that there is a limitation in the power conversion 
effectiveness of the high-intensity-discharge LGT lighting device containing the above conventional 
inverter equipments. Because, the overall efficiency eta of a high-intensity-discharge LGT lighting 
device is eta=(effectiveness of converter part) * (effectiveness of an inverter part). 
Each effectiveness needed to be raised in order to gather a next door and overall efficiency eta. For 
example, the causes of the maximum of effectiveness aggravation of a pressure-lowering mold chopper 
are the switching loss of the transistor TR5 for switching, and a fly wheel diode D5, the iron loss of a 
choke coil CH, and copper loss. These loss cannot be made into zero. Moreover, it is by carrying out for 
there to be many components and to attain miniaturization and low-pricing, and the conventional high- 
intensity-discharge LGT lighting device mentioned above is [ **** or ] quite **. 
[0007] When carrying out high frequency lighting of the metal halide lamp, in the case of 300kHz or 
less, a lamp current serves as [ the oscillation frequency of Inverter INV ] a lifting and unstable 
actuation in going out according to an acoustical mesomeric effect. In the inverter of a full bridge 
method, by constraint of the switching speed of a switching element etc., a switching frequency is 
usually set to 400Hz or less, and a miniaturization of a transformer T2 cannot be desired. 
[0008] However, since it was indispensable to have had a DC-DC converter for obtaining the direct- 
current high voltage as for the conventional high-intensity-discharge LGT lighting device mentioned 
above, it caused complication of circuitry, and enlargement and had the trouble of becoming expensive. 
[0009] Then, this invention aims at offering the easy and cheap high-intensity-discharge LGT lighting 
device of circuitry which does not use a DC-DC converter. 
[0010] 

[Means for Solving the Problem] This invention offers the high-intensity-discharge LGT lighting device 
described below for the technical-problem solution mentioned above. That is, it is a high-intensity- 
discharge LGT lighting device containing the high-intensity-discharge LGT which serves as DC power 
supplies, such as AC Rhine voltage commutation smoothing circuit and a dc-battery, and a voltage 
resonance mold inverter with the power switching element of one stone from a metal halide lamp, and 
said voltage resonance mold inverter is a circuit which switches and outputs said DC power supply. Said 
high-intensity-discharge LGT has a pair of electrode which separates distance and opposes in tubing 
which enclosed gas, and it is the electric-discharge lamp which emits light by said a pair of inter- 
electrode discharge, it has two different electrical-potential-difference values of the trigger electrical 
potential difference which makes said a pair of electrode generate discharge, and the discharge 
sustaining voltage which maintains discharge after a trigger, and said electrode is connected to the 
output of said voltage resonance mold inverter. And it has a detection means to detect the lamp current 
of this metal halide lamp, and the more the current which this detection means detected is small, the 
more an oscillation frequency control means of an inverter to set up intermittent spacing of said power 
switching device for a long time is provided. 
[0011] 

[Function] The high-intensity-discharge LGT lighting device concerning this invention has set the 
switching frequency of an inverter as 300kHz or more, in order to avoid an acoustical mesomeric effect. 
Effectiveness is high because of a voltage resonance mold. Moreover, even if there is no special 
bootstrap circuit by setting up the number of turns of a transformer immediately after power-source ON 
so that an inverter output may be set to lkV or more, it is characterized by glow discharge occurring. By 
using a RF pulse, it compares with the starting pulse of low frequency, and is pulse amplitude 
Abbreviation 1/3 -1/5 It can reduce. 
[0012] 

[Example] One example of this invention is explained to a detail using a drawing. Drawing 1 is the 
circuit diagram showing the high-intensity-discharge LGT lighting device of this invention. In drawing 
I , Tl is the pressure -up transformer equipped with primary-coil Np of a voltage resonance mold 
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inverter, secondary-coil Ns, and a feedback coil Nf. IC1 is a control circuit for voltage resonance mold 
switching power supplies, and consists of an integrated circuit. Ql is a power switching device 
(POWERMOSFET). Resistance R2 is resistance for starting, if a power source turns on, a power source 
will be supplied to the control circuit IC 1 for resonance mold switching power supplies by this 
resistance R2 for starting, and this will operate. This control circuit IC 1 for resonance mold switching 
power supplies includes the reference voltage generating circuit SVG which generates a voltage 
controlled oscillator VCO, a one-shot multivibrator MB, the pulse-frequency-modulation machine PFM, 
Driver DB, the error amplifier OP A, and the reference voltage Vref of 5 volts. 

[0013] The bridge rectifier REC which becomes a serial from the power switching device Ql and four 
diodes to the primary coil Np of the pressure-up transformer Tl is connected, and an AC power is 
connected to a bridge rectifier REC. Moreover, HID lamp L, a choke coil LI, and the resistance RD for 
current detection are connected to the secondary coil Ns of the pressure -up transformer Tl at the serial. 
[0014] In order to have carried out constant current control of the discharge current of a metal halide 
lamp conventionally, it was carrying out by carrying out adjustable [ of the supply voltage of a full 
bridge method inverter, i.e., the output voltage of a pressure-lowering chopper, ] according to the value 
of the discharge current, but as shown also in the circuit diagram shown in draw ing 1 , in this invention, 
HID lamp L is directly driven with the voltage resonance mold inverter. 

[0015] Next, example actuation of this invention is explained. Since HID lamp L does not light up and 
the current is not flowing to this at the beginning when the AC power was supplied to the bridge rectifier 
REC, the electrical potential difference of the both ends of the resistance RD for current detection is OV. 
When HID lamp L is on at the time of normal operation, an electrical potential difference occurs in the 
both ends of the resistance RD for current detection, and since ******** i s [ the electrical potential 
difference of the both ends of the resistance RD for current detection ] zero in the present condition as it 
is rectified, and smooth [ of this electrical potential difference ] is carried out by diode D12 and the 
capacitor CI 1 and it is inputted into the control-input edge of IC for control, the electrical potential 
difference of a control-input edge is OV. If, as for the control circuit IC 1 for resonance mold switching 
power supplies, the electrical potential difference of a control-input edge becomes low, an oscillation 
frequency will fall. Conversely, if the electrical potential difference of a control-input edge becomes 
high, an oscillation frequency will perform the so-called pulse frequency modulation (PFM) which 
becomes high. Therefore, compared with the time of the stationary actuation in which the discharge 
current is flowing, the oscillation frequency of a voltage controlled oscillator VCO falls to HID lamp L. 
Therefore, rather than the time of stationary actuation, since the primary current of the pressure-up 
transformer Tl increases, the output voltage also becomes large. If the turn ratio of the pressure -up 
transformer Tl is chosen so that the output voltage may be set to lkV or more, HID lamp L will start 
glow discharge. In order to make it shift to arc discharge steadily and to change into a lighting condition 
from glow discharge, it is necessary to impress the sustaining voltage (about 100 V) of HID lamp L 
twice [ more than ] the electrical potential difference of discharge to this but, and since there are few 
currents which flow HID lamp L at the time of glow discharge than the time of stationary actuation, its 
oscillation frequency of a voltage controlled oscillator VCO is also lower than the time of stationary 
actuation. Moreover, it is possible to set up the output voltage of the pressure-up transformer Tl more 
than 200V from a setup of an above-mentioned turn ratio. 

[0016] A choke coil LI is ballast inductor - with which HID lamp L shares the difference of the 
secondary output voltage of the pressure-up transformer Tl, and discharge sustaining voltage since the 
electrical potential difference of these lamp both ends turns into discharge sustaining voltage (about 100 
V) at the time of lighting. Even if it transposes a choke coil LI to a capacitor, it is possible for actuation. 

[0017] In order to carry out constant current control of the current which flows HID lamp L, a lamp 
current is detected by the detection resistance RD, and it is carried out by connecting to the control-input 
edge of the control circuit IC 1 for resonance mold switching power supplies rectification and the direct 
current voltage which carried out smooth by D12 and CI 1. That is, if a lamp current increases by a 
certain cause, the electrical potential difference of the both ends of the detection resistance RD will rise. 
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Therefore, the output voltage of the error amplifier OPA of the control circuit IC 1 for resonance mold 
switching power supplies rises. Therefore, the oscillation frequency of a voltage controlled oscillator 
VCO rises, and a lamp current decreases. Variable resistance VR 1 is a variable resistor for a lamp 
current setup. Capacitor Cs constitutes the primary inductance Lp and series resonant circuit of the 
pressure -up transformer Tl, and makes a drain voltage waveform in case the power switching device Ql 
is OFF the shape of a sine wave. R13 is the Gaea northern sea lion live resistance of the power switching 
device Ql, and D13 is an object for the stored charge drawing between the gate sources of the power 
switching device Ql. Diode D14 and a capacitor C12 constitute the rectifier for current supply of the 
control circuit IC 1 for resonance mold switching power supplies. 

[0018] Actuation of the control circuit IC 1 for resonance mold switching power supplies is explained in 
detail using drawing 1 and drawing 2 . If the discharge current (lamp current) of HID lamp L increases 
by a certain cause, the output of the error amplifier OPA will rise and the oscillation frequency of a 
voltage controlled oscillator VCO will become high. In falling of the output of a voltage controlled 
oscillator VCO, the single shot of a one-shot multivibrator MB is set, and is set to the output being high- 
level. Resistance R18 and a capacitor C 16 are the objects for the output pulse width-of-face decision of 
single shot, and keep the output of single shot high-level between the time amount Toff which becomes 
settled in the time constant. In consideration of fluctuation of the resonance frequency by the variation 
and the temperature change of the primary inductance Lp, the capacitor Cs for voltage resonance, etc. of 
the pressure-up transformer T 1 , Toff is set up so that voltage resonance actuation may be satisfied. That 
is, Toff performs pulse frequency control to which the oscillation frequency (= switching frequency) of 
a voltage controlled oscillator VCO is changed, while it has been fixed. 

[0019] A capacitor C14 and resistance R14 are for the oscillation frequency decision of a voltage 
controlled oscillator VCO. R16 and R17 are for the DC biases of the 1 input edge of the error amplifier 
OPA, and R15 and C 15 are for the phase corrections of the error amplifier OPA. Dl 1 and C17 are the 
components for rectification smooth [ of AC Rhine electrical potential difference ]. 
[0020] Since the lamp current is not flowing at the time of power-source ON in the case of the voltage 
resonance form inverter, the electrical potential difference of the control-input edge of the control circuit 
IC 1 for resonance mold switching power supplies is 0V, and an oscillation frequency is in the lowest 
condition. Therefore, to the pressure -up transformer Tl and the power switching device Ql, a bigger 
current than the time of stationary actuation flows, the increment in the current stress of the power 
switching device Ql is caused, and it also becomes the cause of a dependability fall. Drawing 3 is the 
circuit diagram of the 2nd example of this invention which canceled such un-arranging. In drawing 3 , 
SSC shows a soft start control circuit. In addition, in drawing 3 , the same sign is given to the same part 
as drawing, 1 , and the explanation is omitted. 

[0021] Next, actuation of the 2nd example of this invention is explained. In drawing 4 , if an AC power 
is turned on, Capacitor Csoft will be charged by Resistance Rsoft and terminal voltage will rise. 
Capacitor Csoft is connected to the soft start control circuit SSC. The output of the soft start control 
circuit SSC is high-level immediately after power-source ON. Since the output is connected to the 
control-input edge of a voltage controlled oscillator VCO, the oscillation output of a voltage controlled 
oscillator VCO becomes higher than the time of stationary actuation. Since the output of the soft start 
control circuit SSC is constituted so that it may fall as the terminal voltage of Capacitor Csoft rises, if 
the oscillation frequency of a voltage controlled oscillator VCO falls gradually and the terminal voltage 
of Capacitor Csoft turns into below the threshold electrical potential difference Vth, an output will be in 
an open condition and control of a voltage controlled oscillator VCO will be performed by only the 
output of the error amplifier OPA. That is, since the oscillation frequency of a voltage controlled 
oscillator VCO will operate from a frequency higher than the time of stationary actuation if a power 
source is turned on, the current stress of the pressure-up transformer Tl and the power switching device 
Ql is stopped low. 

[0022] Drawing 4 is the circuit diagram showing the 3rd example of this invention. This example is the 
drive circuit of the metal halide lamp for general lighting which omitted the transformer for pressure 
ups. In this drawing, Q2 is a power switching device and is FET. The capacitor by which Cs was 
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connected to the outgoing end of the power switching device Q2, the resistance for current detection 
whose CHI 1 and CHI 2 detect the current on which a choke coil and C50 flow a capacitor and RD flows 
a metal halide lamp L, and VDC are DC power supplies. In addition, IC1 is a control circuit for 
resonance mold switching power supplies, since it has the same configuration as what is shown in 
drawing 1 , while omitting explanation of a detailed configuration and an operation, the same sign is 
given to the same part as the components shown in the circuit diagram of drawing 1 , and detailed 
explanation of the whole example circuit is omitted. 

[0023] If ON duty ratio D of the power switching device Q2 becomes large in the case of semi- Class E 
inverter as shown in drawing 4 , it is the drain electrical potential difference Vdsmax at the time of OFF 
of the power switching device Q2. Becoming large is known. At for example, the time of D(duty) = 

0.5 It is set to Vdsmax =3.6*VDC and is at the time of D(duty) = 0.75.... What is necessary is just to 

set up D so that it may be set to Vdsmax >=1000V in order to cause glow discharge, since it is set to 
Vdsmax =7. 1*VDC. 

[0024] It is known that the voltage gain MA of semi- Class E inverter (VO/Vdc) is as follows. 

At the time of D= 0.5 At the time of MA=0.72D=0.75, if MA=1.29VO sets up D so that it may become 

twice (about 200 V) discharge sustaining voltage, it will shift to glow discharge. Namely, what is 

necessary is just to set up D so that it may be set to VO=VDC*MA=200V. 

[0025] Drawing 5 is the circuit diagram showing the 4th example of this invention. Although the 

example circuit shown in drawing 5 is the almost same circuit as the 1st example shown in drawing I , it 

has formed the current transformer T2 as a means to detect the current which flows a metal halide lamp 

L. As this current detection means, power loss can be decreased compared with the approach of using 

resistance. 

[0026] The above-mentioned current transformer T2 connects to the control-input edge of the control 
circuit IC 1 for resonance mold switching power supplies the direct current voltage which set the turn 
ratio to 1 :N and carried out rectification smooth [ of the secondary voltage by which the pressure up was 
carried out ] by diode D12 and the capacitor CI 1 through the variable resistor VR 1 for a lamp current 
setup. R50 is resistance for reset of the current transformer T2. 

[0027] Drawing 6 is the circuit diagram showing the 5th example of this invention. The example circuit 
shown in drawing 5 is the almost same circuit as said 4th example and the 1st example similarly shown 
in drawing 1 , and attaches the bootstrap circuit which impresses a power source to the control circuit IC 
1 for resonance mold switching power supplies only at the time of starting. As for the transistor for 
control, and ZD, in drawing 6 , zener diode, and R61 and R62 is [ Q3 ] resistance. In addition, IC1 is a 
control circuit for resonance mold switching power supplies, since it has the same configuration as what 
is shown in drawing 1 , while omitting explanation of a detailed configuration and an operation, the 
same sign is given to the same part as the components shown in the circuit diagram of drawing 1 , and 
detailed explanation of the whole example circuit is omitted. 

[0028] Next, the main actuation of the 5th example of this invention is explained. The zener voltage of 
zener diode ZD is set up so that it may become (starting starting potential of control circuit IC 1 for 
resonance mold switching power supplies) + (Vbe of the transistor Q3 for control) (Vbe is about 0.7 
volts). If a power source turns on, the transistor Q3 for control is turned on. The emitter electrical 
potential difference Since it becomes the starting voltage of the control circuit IC 1 for resonance mold 
switching power supplies, this control circuit IC1 actuation for resonance mold switching power 
supplies is started. So that the power switching device Ql may start switching operation and the direct 
current voltage which carried out rectification smooth [ of the electrical potential difference generated in 
the control winding Nf ] by diode D14 and the capacitor C 12 may become more than the zener voltage 
of zener diode ZD If the number of turns of a control winding are set up, the transistor Q3 for control 
will be turned off and the electric power supply to the control circuit IC 1 for resonance mold switching 
power supplies will be performed from a control winding Nf. Therefore, the power loss of the whole 
bootstrap circuit can be reduced rather than the approach by the starting resistance R2 in drawing_ 1 . 
[0029] 

[Effect of the Invention] According to this invention, by using the voltage resonance mold inverter 
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which consists of a power switching device of a stone, the number of power switches can be reduced to 
a piece, and effectiveness also improves. As a starting pulse, by using an inverter output, a special 
bootstrap circuit can become unnecessary and can reduce components mark sharply. As a starting 
method, by using a RF pulse, it compares with the conventional low frequency starting pulse, and is 
pulse amplitude 1/5 -1/7 It can reduce. Since the commercial voltage resonance mold control IC can be 
used, components mark can be lessened and it can miniaturize. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the circuit diagram of the 1st example of this invention. 

[Drawing 2] It is a wave form chart for explaining actuation of the 1st example of this invention. 

[Drawing 3] It is the circuit diagram of the 2nd example of this invention. 

! I )j twang 4] It is the circuit diagram of the 3rd example of this invention. 

[Drawing 5] It is the circuit diagram of the 4th example of this invention. 

[ Drawing 6] It is the circuit diagram of the 5th example of this invention. 

[Drawing 7] It is the circuit diagram showing the conventional example. 

[Description of Notations] 

1 Transformer 

2 Transformer 

AC Commercial alternating current power source 

DRC .... Voltage doublcr rectifier circuit 

CHC .... Pressure-lowering chopper circuit 

INV .... Inverter 

C1-C50 .. Capacitor 

D1-D14.. Diode 

TR1-TR4 .. Switching transistor 

L HID lamp 

TM Timer circuit 

OSC .... Oscillator circuit 

PG Starting pulse generating circuit 

DCC .... Drive circuit 

CONT ... Control circuit 

APS .... Auxiliary switching power supply 

Rl Lamp current detection resistance 

R2 Resistance for starting 

Tl Pressure -up transformer 

T2 Current transformer 

Np Primary coil 

Ns Secondary coil 

Nf Feedback coil 

IC1 .... Control circuit for resonance mold switching power supplies 

Ql Power switching device 

Q2 Power switching device 

Q3 Transistor for control 

MB One-shot multivibrator 

VCO .... Voltage controlled oscillator 
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PFM .... Pulse-frequency-modulation machine 

DB Driver 

OP A .... Error amplifier 

SVG .... Reference voltage generating circuit 

REC .... Bridge rectifier 

RD Resistance for current detection 

LI Choke coil 

VR1 .... Variable resistance 
SSC .... Soft start control circuit 
Csoft .... Capacitor 
Rsoft .... Resistance 
Cs Capacitor 

VR1 .... Variable resistor for a lamp current setup 



[Translation done.] 
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